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technologies and discloses a data processing method and
apparatus to obtain a DPD non-linear distortion compensa-
tion coefficient under a QPSK mode. The embodiments of the
present invention receive a first data flow, and perform inter-
polation into the first data flow to obtain a second data flow;
receive a third data flow, and calculate a data flow signal
quality difference between the third data flow and the second
data flow; and obtain a DPD non-linear distortion compensa-
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ference and the third data flow or the second data flow. The
embodiments of the present invention are applicable to the
scenarios of obtaining a DPD non-linear distortion compen-
sation coefficient in QPSK mode.
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1
DATA PROCESSING METHOD AND
APPARATUS

This application is a continuation of International Appli-
cation No. PCT/CN2012/085966, filed on Dec. 5, 2012,
which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

Embodiments of the present invention relate to the field of
communications technologies, and in particular, to a data
processing method and apparatus.

BACKGROUND

In a microwave system, modulation signals have different
amplitudes on the time domain, and suffer different non-
linear distortion after passing through a PA (Power Amplifier,
power amplifier) device. According to the distortion condi-
tion, a digital pre-distortion (Digital Pre-Distortion, DPD)
non-linear distortion compensation coefficient is obtained,
and the DPD non-linear distortion compensation coefficient
is added in the data flow that passes through the PA device.
After undergoing power amplification, the data flow counter-
acts the non-linear features of the PA device, thereby imple-
menting non-linear distortion counteraction of the PA device
and making the gain curve of the PA device closer to an ideal
curve.

In the prior art, a receiving device receives different signal-
distorted data flows generated after the data flows pass
through the PA device, and a hard decision module deter-
mines the actual position (that is, actual constellation point)
of each symbol on the constellation map according to the
position of each constellation point on the constellation map
corresponding to the modulation mode of the data flow, where
each symbol corresponds to each piece of data in the data
flow. After being processed by the hard decision module, the
data flow enters the DPD. Atthe DPD, a pre-distortion param-
eter is obtained according to the difference between the ideal
constellation point and the actual constellation point, so that
the non-linear distortion of the PA device can be counteracted
according to the pre-distortion parameter.

However, when the modulation mode is QPSK (Quadra-
ture Phase Shift Keying, quadrature phase shift keying), the
amplitude on the time domain does not differ between modu-
lation signals. Consequently, the DPD non-linear distortion
compensation coefficient in QPSK mode is not available
according to the prior art.

SUMMARY OF THE INVENTION

Embodiments of the present invention provide a data pro-
cessing method and apparatus to obtain a DPD non-linear
distortion compensation coefficient under a QPSK mode.

In a first aspect, the present invention provides a data pro-
cessing method, including receiving a first data flow, and
performing interpolation into the first data flow to obtain a
second data flow, receiving a third data flow, and calculating
a data flow signal quality difference between the third data
flow and the second data flow, and obtaining a DPD non-
linear distortion compensation coefficient according to the
data flow signal quality difference and the third data flow or
the second data flow.

In a first possible embodiment, with reference to the first
aspect, the first data flow is a 1x symbol rate data flow
obtained after a 2x symbol rate quadrature phase shift keying
QPSK modulation signal undergoes frame synchronization
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adjustment, balancing, data extraction, and position deter-
mining on the constellation map, and the third data flow is a
2x symbol rate data flow obtained after the 2x symbol rate
QPSK modulation signal undergoes frame synchronization
adjustment and balancing.

Inasecond possible embodiment, with reference to the first
possible embodiment in the first aspect, the performing inter-
polation into the first data flow to obtain a second data flow
includes performing interpolation into the first data flow of a
1x symbol rate to obtain the second data flow of a 2x symbol
rate.

In a third possible embodiment, with reference to the sec-
ond possible embodiment in the first aspect, the performing
interpolation into the first data flow to obtain a second data
flow includes interpolating a preset value between every two
data symbols in the first data flow of a 1x symbol rate, and
performing anti-aliasing filtering for the data flow with the
interpolated preset value to obtain the second data flow of a 2x
symbol rate.

In a fourth possible embodiment, with reference to the first
aspect or the first possible embodiment or the second possible
embodiment or the third possible embodiment in the first
aspect, after receiving the third data flow and before calcu-
lating the data flow signal quality difference between the third
data flow and the second data flow, the method further
includes removing the distortion compensation caused by the
balancing onto data distortion in the third data flow to obtain
real data distortion.

In a fifth possible embodiment, with reference to the first
aspect or the first possible embodiment or the second possible
embodiment or the third possible embodiment or the fourth
possible embodiment in the first aspect, after receiving the
third data flow and before calculating the data flow signal
quality difference between the third data flow and the second
data flow, the method further includes calculating a delay
difference between the third data flow and the second data
flow, and performing delay alignment between the third data
flow and the second data flow according to the delay difter-
ence.

In a sixth possible embodiment, with reference to the fifth
possible embodiment in the first aspect, the calculating a data
flow signal quality difference between the third data flow and
the second data flow includes determining an actual symbol
point corresponding to the third data flow and an ideal symbol
point corresponding to the second data flow after the delay
alignment, and calculating a data flow signal quality difter-
ence between the actual symbol point and the ideal symbol
point.

In a second aspect, the present invention provides a data
processing apparatus, including an interpolating and filtering
module, configured to receive a first data flow, and perform
interpolation into the first data flow to obtain a second data
flow, a calculating module, configured to receive a third data
flow, and calculate a data flow signal quality difference
between the third data flow and the second data flow, and an
obtaining module, configured to obtain a DPD non-linear
distortion compensation coefficient according to the data flow
signal quality difference and the third data flow or the second
data flow.

Ina first possible embodiment, with reference to the second
aspect, the first data flow is a 1x symbol rate data flow
obtained after a 2x symbol rate quadrature phase shift keying
QPSK modulation signal undergoes frame synchronization
adjustment, balancing, data extraction, and position deter-
mining on the constellation map, and the third data flow is a
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2x symbol rate data flow obtained after the 2x symbol rate
QPSK modulation signal undergoes frame synchronization
adjustment and balancing.

Inasecond possible embodiment, with reference to the first
possible embodiment in the second aspect, the interpolating
and filtering module is specifically configured to perform
interpolation into the first data flow of a 1x symbol rate to
obtain the second data flow of a 2x symbol rate.

In a third possible embodiment, with reference to the sec-
ond possible embodiment in the second aspect, the interpo-
lating and filtering module includes an interpolating unit,
configured to interpolate a preset value between every two
data symbols in the first data flow of'a 1x symbol rate, and a
filtering unit, configured to perform anti-aliasing filtering for
the data flow with the interpolated preset value to obtain the
second data flow of a 2x symbol rate.

In a fourth possible embodiment, with reference to the
second aspect or the first possible embodiment or the second
possible embodiment or the third possible embodiment in the
second aspect, the apparatus further includes a de-balancer,
configured to remove the distortion compensation caused by
the balancing onto data distortion in the third data flow to
obtain real data distortion.

In a fifth possible embodiment, with reference to the sec-
ond aspect or the first possible embodiment or the second
possible embodiment or the third possible embodiment or the
fourth possible embodiment in the second aspect, the appa-
ratus further includes the calculating module is further con-
figured to calculate a delay difference between the third data
flow and the second data flow, and the apparatus further
includes a processing module, configured to perform delay
alignment between the third data flow and the second data
flow according to the delay difference.

In a sixth possible embodiment, with reference to the fifth
possible embodiment in the second aspect, the calculating
module includes a determining unit, configured to determine
an actual symbol point corresponding to the third data flow
and an ideal symbol point corresponding to the second data
flow after the delay alignment, and a calculating unit, config-
ured to calculate a data flow signal quality difference between
the actual symbol point and the ideal symbol point.

In a third aspect, the present invention provides a receiving
device, including at least a frame synchronization module, a
balancer, an extracting module, a hard decision module, and
any data processing apparatus provided in the second aspect,
where the frame synchronization module is configured to
perform symbol clock recovery and frame header alignment
for a received data flow, the balancer is configured to perform
distortion compensation for the data flow processed by the
frame synchronization module, the extracting module is con-
figured to perform data extraction for the data flow processed
by the balancer, and the hard decision module is configured to
determine a constellation point for a symbol corresponding to
the data flow processed by the extracting module to obtain a
first data flow.

In a fourth aspect, the present invention provides a data
processing system, including at least a sending device and any
receiving device that is provided in the third aspect, where the
sending device is configured to receive a DPD non-linear
distortion compensation coefficient sent by the receiving
device, convert the DPD non-linear distortion compensation
coefficient into a data flow for implementing pre-distortion
compensation, amplify power of the data flow, and output the
amplified data flow.

In the data processing method and apparatus provided in
the embodiments of the present invention, the first data flow is
received, and a value is interpolated into the first data flow to
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obtain the second data flow; the third data flow is received,
and the data flow signal quality difference between the third
data flow and the second data flow is calculated; and the DPD
non-linear distortion compensation coefficient is obtained
according to the data flow signal quality difference and the
third data flow or the second data flow. In the prior art, when
the modulation mode is QPSK, the amplitude on the time
domain does not differ between the modulation signals,
which leads to failure of obtaining the DPD non-linear dis-
tortion compensation coefficient in QPSK mode. Compared
with the prior art, the embodiments of the present invention
perform interpolation into the first data flow to obtain the
second data flow, and therefore, when the modulation mode is
QPSK, the amplitude on the time domain differs between the
modulation signals, so that the DPD non-linear distortion
compensation coefficient can be obtained by using the second
data flow and the third data flow in QPSK mode.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, and the advantages thereof, reference is now made to the
following descriptions taken in conjunction with the accom-
panying drawings, in which:

To illustrate the technical solutions in the embodiments of
the present invention more clearly, the following briefly intro-
duces the accompanying drawings required for describing the
embodiments. Apparently, the accompanying drawings in the
following description show merely some embodiments of the
present invention, and a person of ordinary skill in the art may
still derive other drawings from these accompanying draw-
ings without creative efforts.

FIG.1is a flowchart of a data processing method according
to Embodiment 1 of the present invention;

FIG. 2(1) is a schematic diagram of a position of a symbol
corresponding to QPSK in a constellation map according to
Embodiment 1 of the present invention;

FIG. 2(2) is a schematic diagram of a time domain map
corresponding to a QPSK modulation signal according to
Embodiment 1 of the present invention;

FIG. 3(1) is a schematic diagram of a position of a symbol
corresponding to another type of QPSK in a constellation
map according to Embodiment 1 of the present invention;

FIG. 3(2) is a schematic diagram of a time domain map
corresponding to another type of QPSK modulation signal
according to Embodiment 1 of the present invention;

FIG. 4 is a flowchart of another data processing method
according to Embodiment 1 of the present invention;

FIG. 5 is a schematic diagram of a data processing system
according to Embodiment 1 of the present invention;

FIG. 6 is a schematic diagram of another data processing
system according to Embodiment 1 of the present invention;

FIG. 7 is a structural block diagram of a data processing
apparatus according to Embodiment 2 of the present inven-
tion;

FIG. 8 is a structural block diagram of another data pro-
cessing apparatus according to Embodiment 2 of the present
invention;

FIG. 9 is a structural block diagram of still another data
processing apparatus according to Embodiment 2 of the
present invention;

FIG. 10 is a structural block diagram of a receiving device
according to Embodiment 2 of the present invention; and

FIG. 11 is a structural block diagram of another receiving
device according to Embodiment 2 of the present invention.
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DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The following clearly describes the technical solutions in
the embodiments of the present invention with reference to
the accompanying drawings in the embodiments of the
present invention. Apparently, the described embodiments
are merely a part rather than all of the embodiments of the
present invention. All other embodiments obtained by a per-
son of ordinary skill in the art based on the embodiments of
the present invention without creative efforts shall fall within
the protection scope of the present invention.

Embodiment 1

This embodiment of the present invention provides a data
processing method. As shown in FIG. 1, the method includes
the following steps:

Step 101: Receive a first data flow, and perform interpola-
tion into the first data flow to obtain a second data flow.

The first data flow is a 1x symbol rate data flow obtained
after a 2x symbol rate quadrature phase shift keying (Quadra-
ture Phase Shift Keying, QPSK) modulation signal undergoes
frame synchronization adjustment, balancing, data extrac-
tion, and position determining on the constellation map.
When the first data flow undergoes frame synchronization
adjustment and balancing, the first data flow is a 2x symbol
rate data flow; and, through data extraction of the first data
flow, the 2x symbol rate data flow is condensed into a 1x
symbol rate data flow. In hard decision processing, that is, in
determining the position on the constellation map, 1x symbol
rate is required. Therefore, the 2x symbol rate data flow needs
to be condensed into a 1x symbol rate data flow.

In this step, a value is interpolated into the first data flow to
obtain a second data flow, so that the first data flow of a 1x
symbol rate changes to a second data flow of a 2x symbol rate.

QPSK is a digital modulation mode. In the modulation
modes of digital signals, QPSK is a common satellite digital
signal modulation mode characterized by a high spectrum
usage and high interference resistance. As shown in FIG. 2,
FIG. 2(1) illustrates the position of the symbol corresponding
to the QPSK on the constellation map, and FIG. 2(2) illus-
trates the time domain map corresponding to the QPSK
modulation signal. Evidently, the amplitude on the time
domain does not differ between the QPSK modulation sig-
nals. Consequently, the power amplification response under
different input amplitudes cannot be determined, and the
non-linear distortion compensation coefficient cannot be cal-
culated. Before the interpolation operation, a symbol point,
from which real signal information can be extracted, exists in
the first data flow; after completion of interpolation, a transi-
tion point, which is generated out of the interpolation, exists
in the second data flow, where the transition point is located in
a middle position between two adjacent symbol points in the
time domain map. As shown in FIG. 3, FIG. 3(1) illustrates
the position of the symbol corresponding to the QPSK on the
constellation map, and FIG. 3(2) illustrates the time domain
map corresponding to the QPSK modulation signal, where a
symbol point is denoted by a circle and a transition point is
denoted by a triangle. In this way, on the time domain map
corresponding to the QPSK modulation signal, the amplitude
differs, which provides a basis for calculating the DPD non-
linear distortion compensation coefficient.

Step 102: Receive a third data flow, and calculate a data
flow signal quality difference between the third data flow and
the second data flow.
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The third data flow is a 2x symbol rate data flow obtained
after the 2x symbol rate QPSK modulation signal undergoes
frame synchronization adjustment and balancing.

In step 101, a value is interpolated into the first data flow to
obtain a second data flow of a 2x symbol rate, and the third
data flow is a data flow of a 2x symbol rate. In this way, both
the second data flow and the third data flow work under the 2x
symbol rate, which facilitates subsequent processing for the
data flows.

The third data flow is a data flow that has undergone frame
synchronization adjustment and balancing but without fur-
ther processing, and therefore, is distorted greatly. The sec-
ond data flow is a data flow that has undergone frame syn-
chronization adjustment, balancing, data extraction, and
position determining on the constellation map, and therefore
has a low distortion. Therefore, according to difference of
distortion between the third data flow and the second data
flow, the data flow signal quality difference between the two
can be calculated.

Step 103: Obtain a DPD non-linear distortion compensa-
tion coefficient according to the data flow signal quality dif-
ference and the third data flow or the second data flow.

Optionally, according to the LMS algorithm principles, the
DPD non-linear distortion compensation coefficient can be
calculated corresponding to the data flow signal quality dif-
ference between the third data flow and the second data flow
by using the second data flow or the third data flow as funda-
mental data. It should be noted that the second data flow
differs from the third data flow only in data performance, and
both can be used as a basis for calculating the DPD non-linear
distortion compensation coefficient.

Inthe data processing method provided in the embodiment
of the present invention, a value is interpolated into the first
data flow to obtain a second data stream. Therefore, when the
modulation mode is QPSK, the amplitude on the time domain
differs between modulation signals, so that the DPD non-
linear distortion compensation coefficient in QPSK mode can
be obtained by using the second data flow and the third data
flow.

An embodiment of the present invention provides another
data processing method. As shown in FIG. 4, the method
includes the following steps:

Step 401: Receive a first data flow.

Optionally, the first data flow is a 1x symbol rate data flow
obtained after a 2x symbol rate quadrature phase shift keying
QPSK modulation signal undergoes frame synchronization
adjustment, balancing, data extraction, and position deter-
mining on the constellation map.

Ina specific modulation mode, a bit data flow is transmitted
by mapping multiple bits into one symbol so that the data flow
becomes a transmission symbol. The data flow speed of the
transmission symbol is the symbol rate. The QPSK modula-
tion mode is to map two bits into one symbol. If the rate of the
bit data flow is 100 Mbit/s and the modulation mode is QPSK,
the symbol rate is 100/2=50 Msymbol/s.

The 2x symbol rate data flow undergoes frame synchroni-
zation adjustment. Specifically, the frame synchronization
adjustment includes symbol clock recovery, frame header
alignment, and other functions. The data flow received before
the frame synchronization adjustment is a 2x symbol rate data
flow, and the output data flow is also a 2x symbol rate data
flow.

After the frame synchronization adjustment, the data flow
undergoes balancing, where the balancing is intended for
distortion compensation for the data flow. The distortion
refers mainly to linear distortion such as selective fading
caused by channel flatness, group delay fluctuation, and chan-
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nel multi-path, and the balancing can compensate for the
distortion. The balancing is unable to compensate for non-
linear distortion of the power amplifier. In practical applica-
tion, the balancing can be implemented by an adaptive digital
filter. The balancing works under a 2x symbol rate, that is, a
balanced data flow is a 2x symbol rate data flow.

The balanced data flow undergoes data extraction. After
data extraction, a 2x symbol rate data flow is converted into a
1x symbol rate data flow. In hard decision processing, that is,
in determining the position on the constellation map, 1x
symbol rate is required. Therefore, the 2x symbol rate data
flow needs to be condensed into a 1x symbol rate data flow.
Optionally, the 2x symbol rate data flow may be condensed
into the 1x symbol rate data flow by discarding alternate
pieces of data and reserving odd-number data or even-number
data.

It should be noted that at the time of obtaining the data flow,
each piece of data is generally obtained twice. Although the
data obtained in the two attempts differs, the data of the data
flow has been synchronized by the data flow clock in the
frame synchronization processing. Therefore, the extracted
data is the data at a transition point and has no impact on data
recovery.

Hard decision about the constellation point is performed
for the symbol corresponding to the 1x symbol rate data flow
that has undergone the data extraction. The received data flow
is checked against the position of each constellation point on
the corresponding constellation map to determine the posi-
tion of the symbol corresponding to the modulation mode on
the constellation map, and at the same time, a signal-to-noise
ratio (Signal Noise Ratio, SNR) of the signal is obtained
according to the difference between the position of the actual
constellation point and the position of the ideal constellation
point. The receiving system can obtain a high SNR after
frame synchronization adjustment, balancing, and hard deci-
sion. The high signal-to-noise ratio means that the point of the
data flow on the constellation map approximates to the ideal
point. The actual constellation point is a constellation point
corresponding to a symbol on the constellation map, where
the symbol corresponds to the data flow; and the ideal con-
stellation point is a constellation point corresponding to a
symbol on the constellation map, where the symbol corre-
sponds to a specific modulation module, and the ideal con-
stellation point may be understood as a standard constellation
point. The 1x symbol rate data flow obtained after the hard
decision is the first data flow in this embodiment.

Step 402: Perform interpolation into the first data flow to
obtain a second data flow.

QPSK is a digital modulation mode. In the modulation
modes of digital signals, QPSK is a common satellite digital
signal modulation mode characterized by a high spectrum
usage and high interference resistance. As shown in FIG. 2,
FIG. 2(1) illustrates the position of the symbol corresponding
to the QPSK on the constellation map, and FIG. 2(2) illus-
trates the time domain map corresponding to the QPSK
modulation signal. Evidently, the amplitude on the time
domain does not differ between the QPSK modulation sig-
nals. Consequently, the power amplification response under
different input amplitudes cannot be determined, and the
DPD non-linear distortion compensation coefficient cannot
be calculated. Therefore, the first data flow needs to be pro-
cessed so that the symbol corresponding to the processed data
flow has a different amplitude on the time domain.

Specifically, interpolation is performed into the first data
flow, that is, interpolation is performed into the first data flow
of' a 1x symbol rate to obtain the second data flow of a 2x
symbol rate, and therefore, the symbol corresponding to the
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data flow that has undergone the interpolation has a different
amplitude on the time domain. For example, a preset value is
interpolated between every two data symbols in the first data
flow of a 1x symbol rate, where the preset value may be 0.

Further, the data flow with the interpolated preset value
undergoes an anti-aliasing filtering. The filtering bandwidth
is equal to the symbol rate so as to filter out the interfering
signals in the data flow that has undergone the interpolation.

The data flow at this time is a data flow with a high SNR
after hard decision. Due to the interpolation filtering, the data
flow at this time has both a symbol point and a transition
point, where the amplitude differs between the transition
point and the symbol point, thereby providing a basis for
calculating the DPD distortion compensation coefficient. It
should be noted that before the interpolation operation, a
symbol point, from which real signal information can be
extracted, exists in the first data flow; after completion of
interpolation, a transition point, which is generated out of the
interpolation, exists in the second data flow, where the tran-
sition point is located in a middle position between two adja-
cent symbol points in the time domain map. As shown in FIG.
3, a symbol point is denoted by a circle and a transition point
is denoted by a triangle. In this way, on the time domain map
corresponding to the QPSK modulation signal, the amplitude
differs, which provides a basis for calculating the DPD non-
linear distortion compensation coefficient.

Step 403: Receive a third data flow.

The third data flow is a 2x symbol rate data flow obtained
after the 2x symbol rate QPSK modulation signal undergoes
frame synchronization adjustment and balancing. Step 401
has given a detailed description about the frame synchroni-
zation adjustment and the balancing, which are not repeated
in this step any further.

It should be noted that the order is not fixed between step
401 and step 403; that is, step 401 and step 402 may be
performed before step 403, or step 403 may be performed
before step 401 and step 402. Generally, on a chronological
basis, step 403 is performed before step 401. However, for
ease of description in this embodiment, the receiving of the
first data flow is described first and then the receiving of the
third data flow is described later.

Step 404: Remove the distortion compensation caused by
the balancing onto data distortion in the third data flow to
obtain real data distortion.

It should be noted that this step is optional. Optionally,
de-balancing is performed for the third data flow, and there-
fore, the de-balanced data flow can reflect real distortion of
the data, and a better capability of retrieving the DPD distor-
tion coefficient can be obtained. The effect of the de-balanc-
ing is to remove the data distortion compensation applied in
the balancing so that the frequency response used in the
de-balancing is totally opposite to the frequency response
used in the balancing.

Step 405: Perform delay alignment between the third data
flow and the second data flow.

It should be noted that after step 403 is performed, step 405
may be performed directly, or, after step 403 is performed,
step 404 is performed and then step 405 is performed.

Optionally, a delay difference between the third data flow
and the second data flow is calculated; and delay alignment is
performed between the third data flow and the second data
flow according to the delay difference.

Before the DPD non-linear distortion compensation coef-
ficient is calculated, delay alignment needs to be performed
between the third data flow and the second data flow. Specifi-
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cally, the delay difference between data flows is calculated,
and then delay compensation is performed to align the delay
between the two data flows.

Step 406: Calculate a data flow signal quality difference
between the third data flow and the second data flow.

Optionally, determine an actual symbol point correspond-
ing to the third data flow and an ideal symbol point corre-
sponding to the second data flow after the delay alignment;
and calculate a data flow signal quality difference between the
actual symbol point and the ideal symbol point.

The balanced third data flow is distorted greatly, and the
second data flow that has passed through the hard decision
module and the interpolation and filtering module has a better
SNR, and therefore has a low distortion. According to the
signal quality difference between the two data flows, the error
between the two data flows is extracted, and the error between
the actual symbol point corresponding to the third data flow
and the ideal point corresponding to the second data flow can
be extracted.

The second data flow is used as basic data, or the third data
flow is used as basic data, corresponding to the error at this
symbol point (the symbol point or transition point of a differ-
ent amplitude may correspond to the error information of this
point), and the error caused by the power amplifier non-linear
distortion can be extracted correctly, which is the data flow
signal quality difference in this embodiment. It should be
noted that the second data flow differs from the third data flow
only in data performance, and both can be used as a basis for
calculating the DPD non-linear distortion compensation
coefficient.

Step 407: Obtain a DPD non-linear distortion compensa-
tion coefficient according to the data flow signal quality dif-
ference and the third data flow or the second data flow.

Optionally, a DPD non-linear distortion compensation
coefficient may be calculated according to C,=C,,_ +11e*-x,,
which is an iterative summation formula, where C,, is a DPD
non-linear distortion compensation coefficient in the current
calculation cycle, C, _; is a DPD non-linear distortion com-
pensation coefficient calculated in the previous calculation
cycle, e is a data flow signal quality difference and may be a
complex number, e* refers to calculating a conjugate value of
the complex number, X, is a data flow, and, in this embodi-
ment, X; is the second data flow or the third data flow.

After the DPD non-linear distortion compensation coetfi-
cient is obtained, the DPD non-linear distortion compensa-
tion coefficient is sent to a sending device, the sending device
writes the obtained DPD non-linear distortion compensation
coefficient into a DPD unit in the sending device, and the
DPD unit converts the DPD non-linear distortion compensa-
tion coefficient into a data flow for implementing pre-distor-
tion compensation. When the data flow is sent to a power
amplifier in the sending device, the data flow can counteract
the non-linear distortion of the power amplifier, thereby per-
forming the non-linear distortion DPD compensation func-
tion of the power amplifier.

In the data processing method provided in the embodiment
of the present invention, a value is interpolated into the first
data flow to obtain a second data stream. Therefore, when the
modulation mode is QPSK, the amplitude on the time domain
differs between modulation signals, and then the DPD non-
linear distortion compensation coefficient is calculated
according to the received third data flow, so that the DPD
non-linear distortion compensation coefficient in QPSK
mode can be obtained by using the second data flow and the
third data flow.

Embodiment 2

This embodiment of the present invention provides a data
processing apparatus. As shown in FIG. 7, the apparatus
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includes an interpolating and filtering module 701, a receiv-
ing module 702, a calculating module 703, and an obtaining
module 704.

The interpolating and filtering module 701 is configured to
receive a first data flow, and perform interpolation into the
first data flow to obtain a second data flow.

Optionally, the first data flow is a 1x symbol rate data flow
obtained after a 2x symbol rate quadrature phase shift keying
(QPSK) modulation signal undergoes frame synchronization
adjustment, balancing, data extraction, and position deter-
mining on the constellation map.

The receiving module 702 is configured to receive a third
data flow.

The third data flow is a 2x symbol rate data flow obtained
after the 2x symbol rate QPSK modulation signal undergoes
frame synchronization adjustment and balancing.

The calculating module 703 is configured to calculate a
data flow signal quality difference between the third data flow
and the second data flow.

The obtaining module 704 is configured to obtain a DPD
non-linear distortion compensation coefficient according to
the data flow signal quality difference and the third data flow
or the second data flow.

Optionally, according to the LMS algorithm principles, the
DPD non-linear distortion compensation coefficient can be
calculated corresponding to the data flow signal quality dif-
ference between the third data flow and the second data flow
by using the second data flow or the third data flow as funda-
mental data. It should be noted that the second data flow
differs from the third data flow only in data performance, and
both can be used as a basis for calculating the DPD non-linear
distortion compensation coefficient.

QPSK is a digital modulation mode. In the modulation
modes of digital signals, QPSK is a common satellite digital
signal modulation mode characterized by a high spectrum
usage and high interference resistance. As shown in FIG. 2,
FIG. 2(1) illustrates the position of the symbol corresponding
to the QPSK on the constellation map, and FIG. 2(2) illus-
trates the time domain map corresponding to the QPSK
modulation signal. Evidently, the amplitude on the time
domain does not differ between the QPSK modulation sig-
nals. Consequently, the power amplification response under
different input amplitudes cannot be determined, and the
DPD non-linear distortion compensation coefficient cannot
be calculated. Therefore, the first data flow needs to be pro-
cessed so that the symbol corresponding to the processed data
flow has a different amplitude on the time domain. Further,
optionally, as shown in FIG. 8, the interpolating and filtering
module 701 is configured to perform interpolation into the
first data flow of a 1x symbol rate to obtain the second data
flow of a 2x symbol rate.

Further, optionally, as shown in FIG. 8, the interpolating
and filtering module 701 includes an interpolating unit 7011
and a filtering unit 7012.

The interpolating unit 7011 is configured to interpolate a
preset value between every two data symbols in the first data
flow of a 1x symbol rate, where the preset value may be 0.

The filtering unit 7012 is configured to perform anti-alias-
ing filtering for the data flow with the interpolated preset
value to obtain the second data flow of a 2x symbol rate.

Further, optionally, as shown in FIG. 8, the apparatus may
further include a de-balancer 705.

After the receiving module 702 receives the third data flow,
and before the calculating module 703 calculates a data flow
signal quality difference between the third data flow and the
second data flow, the de-balancer 705 is configured to remove
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the distortion compensation caused by the balancing onto
data distortion in the third data flow to obtain real data dis-
tortion.

Optionally, the de-balancer 705 processes the third data
flow, and therefore, the data flow processed by the de-bal-
ancer 705 can reflect real distortion of the data, and a better
capability of retrieving the DPD distortion coefficient can be
obtained. The effect of the de-balancer 705 is to remove the
data distortion compensation applied in the balancing so that
the frequency response of the de-balancer is totally opposite
to the frequency response of the device used in the balancing.

Further, optionally, as shown in FIG. 8, the apparatus fur-
ther includes a processing module 706.

Before the calculating module 703 calculates a data flow
signal quality difference between the third data flow and the
second data flow, the calculating module 703 is further con-
figured to calculate a delay difference between the third data
flow and the second data flow; and the processing module 706
is configured to perform delay alignment between the third
data flow and the second data flow according to the delay
difference.

Further, optionally, as shown in FIG. 8, the calculating
module 703 includes a determining unit 7031 and a calculat-
ing unit 7032.

The determining unit 7031 is configured to determine an
actual symbol point corresponding to the third data flow and
an ideal symbol point corresponding to the second data flow
after the delay alignment.

The calculating unit 7032 is configured to calculate a data
flow signal quality difference between the actual symbol
point and the ideal symbol point.

The third data flow sent from the balancer is distorted
greatly, and the second data flow that has passed through the
hard decision module and the interpolation and filtering mod-
ule has a better SNR, and therefore has a low distortion.
According to the signal quality difference between the two
data flows, the error between the two data flows is extracted,
and the error between the actual symbol point corresponding
to the third data flow and the ideal point corresponding to the
second data flow can be extracted.

It should be noted that in the apparatus shown in FIG. 7 or
8, because the detailed implementation processes of the mod-
ules and the information exchange between the modules are
based on the same conception as the method embodiment of
the present invention, reference may be made to the method
embodiment, and no repeated description is given here any
further.

In the data processing apparatus provided in the embodi-
ment of the present invention, the interpolating and filtering
module is configured to receive the first data flow, and inter-
polate a value into the first data flow to obtain the second data
flow; the calculating module is configured to receive the third
data flow, and calculate the data flow signal quality difference
between the third data flow and the second data flow; and the
obtaining module is configured to obtain the DPD non-linear
distortion compensation coefficient according to the data flow
signal quality difference and the third data flow or the second
data flow. Therefore, the value is interpolated into the first
data flow to obtain the second data flow, and, when the modu-
lation mode is QPSK, the amplitude on the time domain
differs between modulation signals, and then the DPD non-
linear distortion compensation coefficient is calculated
according to the received third data flow, so that the DPD
non-linear distortion compensation coefficient in QPSK
mode can be obtained by using the second data flow and the
third data flow.
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An embodiment of the present invention further provides a
data processing apparatus. As shown in FIG. 9, the apparatus
includes a receiver 901, a memory 902, a processor 903, and
a sender 904.

The receiver 901 is configured to receive a first data flow
and receive a third data flow.

Optionally, the first data flow is a 1x symbol rate data flow
obtained after a 2x symbol rate quadrature phase shift keying
QPSK modulation signal undergoes frame synchronization
adjustment, balancing, data extraction, and position deter-
mining on the constellation map. The third data flow is a 2x
symbol rate data flow obtained after the 2x symbol rate QPSK
modulation signal undergoes frame synchronization adjust-
ment and balancing.

The memory 902 is configured to store information that
includes programs and routines.

The processor 903 is coupled with the memory, the
receiver, and the sender, and is configured to control execu-
tion of the programs and routines, specifically including:
performing interpolation into a first data flow to obtain a
second data flow; calculating a data flow signal quality dif-
ference between the third data flow and the second data flow;
and obtaining a digital pre-distortion DPD non-linear distor-
tion compensation coefficient according to the data flow sig-
nal quality difference and the third data flow or the second
data flow.

Further, optionally, the performing interpolation into a first
data flow to obtain a second data flow includes: performing
interpolation into the first data flow of a 1x symbol rate to
obtain the second data flow of a 2x symbol rate. Specifically,
apreset value is interpolated between every two data symbols
in the first data flow of a 1x symbol rate, where the preset
value may be 0; and anti-aliasing filtering is performed for the
data flow with the interpolated preset value to obtain the
second data flow of a 2x symbol rate.

Further, optionally, the processor 903 is further configured
to: after receiving the third data flow and before calculating
the data flow signal quality difference between the third data
flow and the second data flow, remove the distortion compen-
sation caused by the balancing onto data distortion in the third
data flow to obtain real data distortion.

Further, optionally, the processor 903 is further configured
to: after receiving the third data flow and before calculating
the data flow signal quality difference between the third data
flow and the second data flow, calculate a delay difference
between the third data flow and the second data flow; and
perform delay alignment between the third data flow and the
second data flow according to the delay difference.

Specifically, the calculating, by the processor 903, a data
flow signal quality difference between the third data flow and
the second data flow, includes: determining an actual symbol
point corresponding to the third data flow and an ideal symbol
point corresponding to the second data flow after the delay
alignment; and calculating a data flow signal quality difter-
ence between the actual symbol point and the ideal symbol
point.

The sender 904 is configured to send the DPD non-linear
distortion compensation coefficient obtained by the processor
903.

It should be noted that in the apparatus shown in FIG. 9,
because the detailed implementation processes of the mod-
ules and the information exchange between the modules are
based on the same conception as the method embodiment of
the present invention, reference may be made to the method
embodiment, and no repeated description is given here any
further.
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In the data processing apparatus provided in the embodi-
ment of the present invention, the processor interpolates a
value into the first data flow to obtain a second data stream.
Therefore, when the modulation mode is QPSK, the ampli-
tude on the time domain differs between modulation signals,
and then the DPD non-linear distortion compensation coeffi-
cient is calculated according to the received third data flow, so
that the DPD non-linear distortion compensation coefficient
in QPSK mode can be obtained by using the second data flow
and the third data flow.

An embodiment of the present invention provides a receiv-
ing device. As shown in FIG. 10 or 11, the receiving device
includes at least a frame synchronization module 1001, a
balancer 1002, an extracting module 1003, a hard decision
module 1004, and a data processing apparatus 1005.

The frame synchronization module 1001 is configured to
receive a digitalized data flow, where the data flow is a QPSK
modulation signal of a 2x symbol rate, and perform symbol
clock recovery and frame header alignment for the received
data flow.

In a specific modulation mode, a bit data flow is transmitted
by mapping multiple bits into one symbol so that the data flow
becomes a transmission symbol. The data flow speed of the
transmission symbol is the symbol rate. The QPSK modula-
tion mode is to map two bits into one symbol. [fthe rate of the
bit data flow is 100 Mbit/s and the modulation mode is QPSK,
the symbol rate is 100/2=50 Msymbol/s.

The data input by the frame synchronization moduleis a 2x
symbol rate data flow, and the data flow output by it is also a
2x symbol rate data flow.

The data flow adjusted by the frame synchronization mod-
ule 1001 enters the balancer 1002, and in the balancer 1002,
distortion compensation is performed for the data flow. The
distortion refers mainly to linear distortion such as selective
fading caused by channel flatness, group delay fluctuation,
and channel multi-path, and the balancer 1002 can compen-
sate for the distortion. The balancer 1002 is unable to com-
pensate for non-linear distortion of the power amplifier. The
balancer 1002 may be implemented by an adaptive digital
filter, and this module works under a 2x symbol rate, that is,
the data flow processed by the balancer 1002 is a 2x symbol
rate data flow.

The data flow processed by the balancer 1002 enters the
extracting module 1003. In the extracting module 1003, the
data flow undergoes extraction so that the 2x symbol rate data
flow is converted into a 1x symbol rate data flow. When the
hard decision module 1004 determines the position on the
constellation map, the hard decision module 1004 needs to
work under a 1x symbol rate. Therefore, the extracting mod-
ule 1003 needs to perform extraction to condense the 2x
symbol rate data flow into a 1x symbol rate data flow. Option-
ally, the 2x symbol rate data flow may be condensed into the
1x symbol rate data flow by discarding alternate pieces of
data and reserving odd-number data or even-number data.

It should be noted that at the time of obtaining the data flow,
each piece of data is generally obtained twice. Although the
data obtained in the two attempts differs, the data of the data
flow has been synchronized by the data flow clock in the
frame synchronization module 1001. Therefore, the data
extracted by the extracting module 1003 is the data at a
transition point and has no impact on data recovery.

After undergoing the data extraction performed by the
extracting module 1003, the 1x symbol rate data flow enters
the hard decision module 1004, and the hard decision module
1004 performs hard decision of the constellation point for the
symbol corresponding to the data flow. The hard decision
module 1004 checks the received data flow against the posi-
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tion of each constellation point on the corresponding constel-
lation map to determine the position of the symbol corre-
sponding to the modulation mode on the constellation map,
and at the same time, obtains a signal-to-noise ratio (Signal
Noise Ratio, SNR) of the signal according to the difference
between the position of the actual constellation point and the
position of the ideal constellation point. The receiving system
can obtain a high SNR after frame synchronization, balanc-
ing, and hard decision. The high signal-to-noise ratio means
that the point of the data flow on the constellation map
approximates to the ideal point. The actual constellation point
is a constellation point corresponding to a symbol on the
constellation map, where the symbol corresponds to the data
flow; and the ideal constellation point is a constellation point
corresponding to a symbol on the constellation map, where
the symbol corresponds to a specific modulation module, and
the ideal constellation point may be understood as a standard
constellation point. The 1x symbol rate data flow obtained
after being processed by the hard decision module is the first
data flow in this embodiment.

The data processing apparatus 1005 is configured to:
receive the first data flow, and interpolate a value into the first
data flow to obtain the second data flow; receive a third data
flow, and calculate a data flow signal quality difference
between the third data flow and the second data flow; and
obtain a DPD non-linear distortion compensation coefficient
according to the data flow signal quality difference and the
third data flow or the second data flow.

It should be noted that the interpolating and filtering mod-
ule 1007 in the data processing apparatus may be located in
the data processing apparatus as a module of the data pro-
cessing apparatus, as shown in FIG. 10, or the interpolating
and filtering module 1007 may be a stand-alone module, as
shown in FIG. 11. The de-balancer 1006 may be located in the
data processing apparatus as a module of the data processing
apparatus, as shown in FIG. 10, or the de-balancer 1006 may
be a stand-alone module, as shown in FIG. 11.

The data processing apparatus 1005 may be the apparatus
illustrated in FIG. 7, FIG. 8, or FIG. 9. For details, see the
descriptions about FIG. 7, FIG. 8 or FIG. 9, and no repeated
description is given herein.

The receiving device provided in the embodiment of the
present invention obtains the first data flow after frame syn-
chronization adjustment, balancing, data extraction, and
position determining on the constellation map, and interpo-
lates a value into the first data flow to obtain the second data
flow; obtains a third data flow after frame synchronization
adjustment and balancing, and calculates the data flow signal
quality difference between the third data flow and the second
data flow; and obtains the DPD non-linear distortion compen-
sation coefficient according to the data flow signal quality
difference and the third data flow or the second data flow, and
therefore, the DPD non-linear distortion compensation coef-
ficient can be obtained in QPSK mode.

An embodiment of the present invention provides a data
processing system. As shown in FIG. 5 or FIG. 6, the system
includes at least a sending device and a receiving device.

The receiving device may be the receiving device shown in
FIG. 10 or FIG. 11. For details, reference may be made to the
receiving device illustrated in FIG. 10 or FIG. 11, and no
repeated description is given herein. The receiving device
obtains the DPD non-linear distortion compensation coeffi-
cient and sends the DPD non-linear distortion compensation
coefficient to the sending device.

the sending device is configured to receive a DPD non-
linear distortion compensation coefficient sent by the receiv-
ing device, convert the DPD non-linear distortion compensa-
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tion coefficient into a data flow for implementing pre-
distortion compensation, amplify power of the data flow, and
output the amplified data flow. Specifically, the DPD unit in
the sending device converts the received DPD non-linear
distortion compensation coefficient into a data flow for imple-
menting pre-distortion compensation, and sends the data flow
to the power amplifier; when the data flow is sent to a power
amplifier, the data flow can counteract the non-linear distor-
tion of the power amplifier, thereby performing the non-linear
distortion DPD compensation function of the power ampli-
fier.

In the data processing system provided in the embodiment
of the present invention, the receiving device can obtain the
DPD non-linear distortion compensation coefficient in QPSK
mode and send the DPD non-linear distortion compensation
coefficient to the sending device, thereby implementing the
non-linear distortion DPD compensation function of the
power amplifier.

It should be noted that the described apparatus embodi-
ments are merely exemplary, the units described as separate
parts may be physically separated or not, and parts displayed
asunits may be physical units or not, that is, may be placed in
one location or distributed on a plurality of network elements.
Part of or all of the modules may be selected according to
actual needs to achieve the objectives of the solutions of the
embodiments. Persons of ordinary skill in the art may under-
stand and implement the embodiments without making cre-
ative efforts.

According to the descriptions of the foregoing implemen-
tation modes, persons skilled in the art can clearly understand
that the present invention can be implemented by software in
addition to necessary universal hardware, or by dedicated
hardware including dedicated integrated circuits, dedicated
CPUs, dedicated memories, and dedicated components, but,
in most circumstances, the former is preferred. Based on such
understandings, the essence of the technical solutions of the
present invention or the part that makes contributions to the
prior art can be embodied in a software product. The com-
puter software product may be stored in a readable storage
medium such as a computer floppy disk, a USB flash drive, a
removable hard disk, a read-only memory (ROM, Read-Only
Memory), a random access memory (RAM, Random Access
Memory), a magnetic disk, or an optical disc, where the
storage medium incorporates several instructions causing a
computer device (such as a personal computer, a server, or a
network device) to perform the method specified in each
embodiment of the present invention.

The embodiments in this specification are all described in
a progressive manner, mutual reference may be made to the
same or similar part of the embodiments, and each embodi-
ment focuses on differences from other embodiments. In
particular, the apparatus and system embodiments are basi-
cally similar to the method embodiment and are therefore
described briefly, and reference may be made to the corre-
sponding part in the description of the method embodiment.

The foregoing descriptions are merely specific embodi-
ments of the present invention, but are not intended to limit
the protection scope of the present invention. Any variation or
replacement readily figured out by a person skilled in the art
within the technical scope disclosed in the present invention
shall fall within the protection scope of the present invention.
Therefore, the protection scope of the present invention shall
be subject to the appended claims.

While this invention has been described with reference to
illustrative embodiments, this description is not intended to
be construed in a limiting sense. Various modifications and
combinations of the illustrative embodiments, as well as other
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embodiments of the invention, will be apparent to persons
skilled in the art upon reference to the description. It is there-
fore intended that the appended claims encompass any such
modifications or embodiments.

What is claimed is:

1. A data processing method, comprising:

receiving, by a receiver, a first data flow, wherein the first

data flow is a 1x symbol rate data flow obtained after a
2x symbol rate quadrature phase shift keying (QPSK)
modulation signal undergoes frame synchronization
adjustment, balancing, data extraction, and constellation
position determining;

performing interpolation, by the receiver, into the first data

flow to obtain a second data flow;
receiving, by the receiver, a third data flow, wherein the
third data flow is a 2x symbol rate data flow obtained
after the 2x symbol rate QPSK modulation signal under-
goes frame synchronization adjustment and balancing;

calculating, by the receiver, a data flow signal quality dif-
ference between the third data flow and the second data
flow;

obtaining, by the receiver, a digital pre-distortion (DPD)

non-linear distortion compensation coefficient accord-
ing to the data flow signal quality difference and the third
data flow or the second data flow.

2. The method according to claim 1, wherein the perform-
ing interpolation into the first data flow to obtain the second
data flow comprises:

performing interpolation, by the receiver, into the first data

flow of a 1x symbol rate to obtain the second data flow of
a 2x symbol rate.

3. The method according to claim 2, wherein the perform-
ing interpolation into the first data flow to obtain the second
data flow comprises:

interpolating, by the receiver, a preset value between every

two data symbols in the first data flow of the 1x symbol
rate; and

performing anti-aliasing filtering, by the receiver, for the

data flow with the interpolated preset value to obtain the
second data flow of the 2x symbol rate.

4. The method according to claim 1, wherein after receiv-
ing the third data flow and before calculating the data flow
signal quality difference between the third data flow and the
second data flow, the method further comprises:

removing, by the receiver, the distortion compensation

caused by balancing onto data distortion in the third data
flow to obtain real data distortion.
5. The method according to claim 1, wherein after receiv-
ing the third data flow and before calculating the data flow
signal quality difference between the third data flow and the
second data flow, the method further comprises:
calculating, by the receiver, a delay difference between the
third data flow and the second data flow; and

performing delay alignment, by the receiver, between the
third data flow and the second data flow according to the
delay difference.

6. The method according to claim 5, wherein the calculat-
ing the data flow signal quality difference between the third
data flow and the second data flow comprises:

determining, by the receiver, an actual symbol point cor-

responding to the third data flow and an ideal symbol
point corresponding to the second data flow after the
delay alignment; and

calculating, by the receiver, a data flow signal quality dif-

ference between the actual symbol point and the ideal
symbol point.



US 9,178,825 B2

17

7. A data processing apparatus, comprising:

an interpolating and filtering circuit, configured to receive
afirst data flow, wherein the first data flow is a 1x symbol
rate data flow obtained after a 2x symbol rate quadrature
phase shift keying (QPSK) modulation signal undergoes
frame synchronization adjustment, balancing, data
extraction, and constellation position determining, and
to perform interpolation into the first data flow to obtain
a second data flow;

a receiving circuit, configured to receive a third data flow,
wherein the third data flow is a 2x symbol rate data flow
obtained after the 2x symbol rate QPSK modulation
signal undergoes frame synchronization adjustment and
balancing;

a calculating circuit, configured to calculate a data flow
signal quality difference between the third data flow and
the second data flow; and

an obtaining circuit, configured to obtain a digital pre-
distortion (DPD) non-linear distortion compensation
coefficient according to the data flow signal quality dif-
ference and the third data flow or the second data flow.

8. The apparatus according to claim 7, wherein:

the interpolating and filtering circuit is specifically config-
ured to perform interpolation into the first data flow of a
1x symbol rate to obtain the second data flow of a 2x
symbol rate.

9. The apparatus according to claim 8, wherein the inter-

polating and filtering module comprises:

an interpolating circuit, configured to interpolate a preset
value between every two data symbols in the first data
flow of the 1x symbol rate; and

a filtering circuit, configured to perform anti-aliasing fil-
tering for the data flow with the interpolated preset value
to obtain the second data flow of the 2x symbol rate.

10. The apparatus according to claim 7, further compris-
ing:

ade-balancer, configured to remove the distortion compen-
sation caused by balancing onto data distortion in the
third data flow to obtain real data distortion.

11. The apparatus according to claim 7, wherein:

the calculating circuit is further configured to calculate a
delay difference between the third data flow and the
second data flow; and

the apparatus further comprises a processing circuit, con-
figured to perform delay alignment between the third
data flow and the second data flow according to the delay
difference.

12. The apparatus according to claim 11, wherein the cal-

culating circuit comprises:

a determining circuit, configured to determine an actual
symbol point corresponding to the third data flow and an
ideal symbol point corresponding to the second data
flow after the delay alignment; and

acalculating sub circuit, configured to calculate a data flow
signal quality difference between the actual symbol
point and the ideal symbol point.

13. A receiving device, comprising at least a frame syn-
chronization circuit, a balancer, an extracting circuit, a hard
decision circuit, and a data processing apparatus, wherein:

the frame synchronization circuit is configured to perform
symbol clock recovery and frame header alignment for a
received data flow;
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the balancer is configured to perform distortion compen-
sation for the data flow processed by the frame synchro-
nization module;
the extracting circuit is configured to perform data extrac-
tion for the data flow processed by the balancer;
the hard decision circuit is configured to determine a con-
stellation point for a symbol corresponding to the data
flow processed by the extracting module to obtain the
first data flow; and
the data processing apparatus is configured to:
receive a first data flow, wherein the first data flow is a 1x
symbol rate data flow obtained after a 2x symbol rate
quadrature phase shift keying (QPSK) modulation
signal undergoes frame synchronization adjustment,
balancing, data extraction, and constellation position
determining, and to perform interpolation into the
first data flow to obtain a second data flow;
receive a third data flow, wherein the third data flow is a
2x symbol rate data flow obtained after the 2x symbol
rate QPSK modulation signal undergoes frame syn-
chronization adjustment and balancing;
calculate a data flow signal quality difference between
the third data flow and the second data flow; and
obtain a digital pre-distortion (DPD) non-linear distor-
tion compensation coefficient according to the data
flow signal quality difference and the third data flow
or the second data flow.
14. A data processing system, comprising at least a sending
device and a receiving device, wherein:
the sending device is configured to receive a DPD non-
linear distortion compensation coefficient sent by the
receiving device, convert the DPD non-linear distortion
compensation coefficient into a data flow for implement-
ing pre-distortion compensation, amplify power of the
data flow, and output the amplified data flow; and
the receiving device is configured to:
perform symbol clock recovery and frame header align-
ment for a received data flow;
perform distortion compensation for the data flow pro-
cessed by the frame synchronization module;
perform data extraction for the data flow processed by
the balancer;
determine a constellation point for a symbol correspond-
ing to the data flow processed by the extracting mod-
ule to obtain the first data flow;
receive a first data flow, wherein the first data flow is a 1x
symbol rate data flow obtained after a 2x symbol rate
quadrature phase shift keying (QPSK) modulation
signal undergoes frame synchronization adjustment,
balancing, data extraction, and constellation position
determining, and to perform interpolation into the
first data flow to obtain a second data flow;
receive a third data flow, wherein the third data flow is a
2x symbol rate data flow obtained after the 2x symbol
rate QPSK modulation signal undergoes frame syn-
chronization adjustment and balancing;
calculate a data flow signal quality difference between
the third data flow and the second data flow; and
obtain a digital pre-distortion (DPD) non-linear distor-
tion compensation coefficient according to the data
flow signal quality difference and the third data flow
or the second data flow.
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